Introduction
============

The need to accommodate both the challenges of improved environmental conservation as well as maintaining cultural diversity and wellbeing of vulnerable sectors of the population has played a central role in the development of the ecosystem services framework and conservation discourse ([@ref-20]; [@ref-65]; [@ref-28]). In this context, wetland ecosystems, such as those occurring in floodplains, have been the subject of numerous ecosystem service assessments and valuations worldwide ([@ref-50]; [@ref-76]; [@ref-75]; [@ref-37]), due to the crucial role they play in supporting the livelihoods of local populations through their provisioning (e.g., fibre, water, food, fuel wood, natural medicines), regulating (e.g., flood control, water quality improvement), and cultural services (e.g., support of recreation, aesthetic value, support of educational activities) ([@ref-86]).

In spite of their social and ecological importance, floodplain wetlands are threatened worldwide mainly due to land use conversion for economic activities such as agriculture, tourism, urban development, forestry and fossil energy production ([@ref-74]; [@ref-23]). For example, a global overview of dam-based impacts on large river systems shows that over half are affected by dams, thereby resulting in the alteration of functional processes and diminishing of the provision of ecosystem services to local societies ([@ref-68]). From an economic perspective, such alterations can be seen as the outcome of the undervaluation of the public goods and services provided by these ecosystems in decision-making processes regarding their use, management and conservation ([@ref-10]).

The Usumacinta floodplain, a 700,000 ha wetland ecosystem in Southern Mexico which was selected as case-study site for the present research, is representative of the above mentioned global trend. Since the 1980s, the discovery of a large hydrocarbon deposit on the marine platform near the floodplain has led to major land use changes in the region, making the oil industry one of the main economic activities in the area ([@ref-98]). This development, together with other activities such as intensive agriculture and stockbreeding, has increased the exploitation and deterioration of the wetland ecosystem, declining the provision of ecosystem services to local communities ([@ref-33]; [@ref-34]). Although there have been governmental efforts to protect the ecosystems by declaring two important wetlands within the floodplain as natural protected areas (Centla Swamps and Terminos Lagoon, respectively in 1992 and 1994), a recent spatial analysis shows that this area---in particular the Centla Swamps Biosphere Reserve - has experienced dramatic transformations in the last 20 years, from natural floodplain vegetation to cattle and agricultural areas ([@ref-26]; [@ref-37]) which carries with economic difference such as the concentration of benefits as well as environmental and social problems ([@ref-28]). In order to reverse this trend and guarantee the access of communities to environmental resources and the preservation of sustainable livelihoods, more democratic local policy interventions are needed ([@ref-84]) to steer these processes and mitigate their negative impacts on ecosystems and society in general ([@ref-1]). An analysis of the relationship between cultural identity and conservation is essential to dealing with the environmental issues ([@ref-85]).

Since policies targeting biodiversity conservation may have important social implications, it is necessary to develop assessments that include relevant a range of social, ecological and economic aspects ([@ref-80]; [@ref-16]) as well as local people's perspective of what is important to preserve. In this regard, the ecosystem service framework may help to understand user preferences and relative values placed on ecosystem services ([@ref-24]). In turn, this provides important support information for policy-makers and stakeholders to make informed decisions involving wetland resource allocation when faced with competing uses ([@ref-14]) as well as to implement more integrative and effective conservation strategies that recognize the needs of local people and the economic costs of private or public interventions ([@ref-12]; [@ref-2]).

Despite the emphasis that is placed in the literature on the importance of integrating the social, ecological, and economic aspects in the evaluation of ecosystem services, most empirical studies in the international arena rely on assessments derived from single disciplinary approaches ([@ref-38]). In particular, while the need is recognized to complement instrumental perspectives often based on monetary-based approaches to the assessment of ecosystem service values with a more pluralistic approach explicitly embracing, among others, socio-cultural and biophysical measures ([@ref-46]), a unified theoretical framework is still lacking. There is a need for more integrative empirical studies combining tools and assessment methods from different disciplines. This is arguably particularly true in rural and remote areas where the linkage between ecosystem services and human well-being occurs at finer spatial scales ([@ref-95]). One should note that such pluralistic valuation approach does not entail a rejection of monetary valuation techniques per se, but rather emphasizes the benefits of integrating them with the complementary information that can be obtained through a broad suite of valuation methods ([@ref-7]; [@ref-89]; [@ref-47]).

In recent years, spatial analysis through Geographic Information Systems (GIS) has been increasingly relied upon in the investigation and representation of the ecosystem services provided by different ecosystems at a range of different scales ([@ref-67]; [@ref-59]; [@ref-54]; [@ref-55]; [@ref-36]). Spatially explicit assessments can be helpful for instance in analyzing trade-offs and synergies among ecosystem services in a particular landscape ([@ref-73]). In this context, ecosystem services mapping is becoming an important tool for land-use planning and conservation-related decision-making ([@ref-11]).

This paper integrates spatial analysis with results from different ecosystem service assessment methods relying both on monetary valuation techniques and participatory, socio-cultural valuation techniques applied in the local communities to provide useful, spatially explicit insights on the provision of wetland ecosystem services in the Usumacinta floodplain, with a particular focus on producing valuable information for the local environmental decision makers. More specifically, we aim at identifying important wetland ecosystem services through the combination of different monetary and non-monetary valuation techniques and combining such information with indicators of biodiversity and socioeconomic marginalization to identify priority areas for wetland conservation. First, a spatial analysis of the wetland types that are present in the Usumacinta floodplain is performed, taking advantage of the use of remote sensing and GIS. Through the application of value transfer techniques, reference monetary values for different ecosystem services provided by the identified wetland types were calculated. We contrasted these results with the perspective of local inhabitants with respect to wetland ecosystems services in four communities located in the study area. The study finally explores the spatial variability of the estimated ecosystem service values as they overlap with spatially explicit indicators of the socioeconomic marginalization of the local population and biodiversity richness, to provide a multidimensional perspective on priority areas for natural capital conservation within the study area.

Study area
----------

The study site has a surface of approximately 2.5 million ha and is located between the states of Campeche, Tabasco and Chiapas, in southern Mexico. The floodplain is part of the Usumacinta watershed and comprises a main river, the Usumacinta, a major tributary, the Grijalva River, and the Terminos Lagoon ([Fig. 1](#fig-1){ref-type="fig"}). Over the past 50 years, four large dams have been built along the Grijalva River causing significant impact on the surrounding landscape, watershed fragmentation and changes in the natural water flow regulation ([@ref-90]; [@ref-66]). The main physical factors that affect the Usumacinta floodplain wetlands are: (a) precipitation, (b) flood pulses, and (c) the coastal plain of Tabasco and Campeche. Freshwater pulses with high suspended sediments, inorganic nutrients and organic materials generate extensive wetlands such as Terminos Lagoon and Centla Swamps, the latter being the largest coastal lowland wetland in Mesoamerica ([@ref-98]).

![Study area.\
Usumacinta floodplain (UFP), southern Mexico. Location of surveyed villages. The layers are derived from INEGI open data.](peerj-08-8395-g001){#fig-1}

Before the development of the oil industry in the 1980s, fishing was the main economic activity in this region ([@ref-87]). The lagoon and its associated habitats serve as nursery and feeding areas for important species of shrimp and about 214 species of fish in the southern Gulf of Mexico ([@ref-53]). Previous studies have shown that fishery resources in Campeche Sound and Terminos Lagoon depend strongly on the supply of nutrients, organic matter, flood pulses and the movement of pre-adult fish and shrimp from the lagoon-estuarine system to the sea caused by tidal action ([@ref-25]; [@ref-96]). Fisheries also include reef fish, coastal migratory pelagic fish, and large oceanic pelagics of great importance at an international level ([@ref-97]), which also depend on the ecological integrity of the Usumacinta floodplain system, its waters and the quality of their habitats.

Overall, 14 municipalities are located in the study region, all showing high degrees of marginalization, with the exception of Carmen and Centro. Ciudad del Carmen is the most important city, with a population of 221,000 inhabitants and infrastructure to support the oil industry and other economic activities (e.g., tourism, fishing, harboring) ([@ref-43]). The study area is mostly characterized by a warm, humid climate with 1,200--2,500 mm rainfall during the summer and an average annual temperature of 26--27 °C ([@ref-42]).

Materials & Methods
===================

The methodological approach used in this research draws from various disciplines and includes: (i) the classification and characterization of spatial distribution of land use and wetland ecosystem types through remote sensing and GIS techniques; (ii) the valuation of local wetland ecosystem services based both on the results of an international value transfer exercise and (iii) the analysis of the perception of ecosystem services as elicited by local inhabitants through semi-structured interviews; and (iv) an analysis of the spatial overlap of the estimated ecosystem service values with selected indicators of population marginalization and biodiversity richness in order to provide policy-relevant information for decision-makers ([Fig. 2](#fig-2){ref-type="fig"}).

![The methodological approach for ecosystem valuation in the Usumacinta floodplain (modified from [@ref-86], [@ref-16] and [@ref-39]).](peerj-08-8395-g002){#fig-2}

Spatial analysis of wetland ecosystems distribution
---------------------------------------------------

Different types of floodplain wetlands, their distribution and extension were identified from the classification of Landsat 8 OLI (path /row: 21/ 47; 22/47 and path /row: 21/ 48; 22/48) images acquired in April, May and November 2014. IDRISI Selva and ArcGIS 10 were used for the classification process and for the final coverage map. Before starting the classification procedure, Landsat image was limited to the margins of the physiographic province of the Southern Gulf Coastal Plain ([@ref-42]) using a masking process, and geographically projected to the UTM zone 15 North (WGS84). Subsequently atmospheric correction was performed using the Idrisi Selva AtmosC module. The atmospheric correction is an essential requirement to have an accurate representation in the analysis of the surface properties from satellite images ([@ref-61]).

The classification process was carried out using a supervised method which required the user to identify the wetland types, digitizing on-line from a color composite image a sample of pixels (training sites) for each cover. Using the maximum likelihood algorithm individual pixels were assigned to the cover class with the highest degree of similarity ([@ref-13]). For the definition of the wetland types present in the study area, the Mexican wetland classification proposed by [@ref-6] was used.

The accuracy of the final map was assessed by an error matrix and the Kappa index (K'). An error matrix was developed using 30 test points per class as reference data and compared by cross-tabulation with pixels from the classification. Coincidences between both datasets (main diagonal) were used to estimate the overall accuracy (%) and Kappa coefficient (K') to measure the correspondence between the classification and the reference data ([@ref-17]). The test points for the analysis were randomly selected from the resulting final map and field validated with the assistance of a GPS. The accuracy for the classification was 86% and the Kappa coefficient was 0.85, indicating that the classification results meet the accuracy requirement of land cover classification.

Wetland ecosystem services in the Usumacinta floodplain
-------------------------------------------------------

### Ecosystem services valuation

Although previous research recommends the application of primary valuation techniques as the preferred approach to the monetary valuation of ecosystem services ([@ref-30]), conducting such studies at large scales is often not a viable option due to time and funding constraints, lack of the necessary infrastructure, and the inherent, logistical difficulties ([@ref-83]; [@ref-77]). As a second-best option, benefit transfer methods have been widely applied ([@ref-48]). Such techniques rely on the application of monetary values and other information derived from the original study site(s) to a policy site ([@ref-58]). Some of the main limitations of benefit transfer include data availability and reliability, distribution of data on services and values over biomes, differences in socio-economic context, and spatial heterogeneity ([@ref-24]). The consensus among value transfer practitioners is that the more similar the study and policy are, the more accurate the value transfer will be ([@ref-78]; [@ref-49]; [@ref-52]; [@ref-77]). However, the literature has yet to agree on a set of criteria for site similarity ([@ref-49]). Given the constraints of the present study as well as the general lack of suitable primary valuation studies from coastal wetlands in Mexico, whereby most available valuations focus on mangrove ecosystem services ([@ref-53]; [@ref-4]; [@ref-64]), this study relies on an international value transfer to provide a first estimate of the multiple ecosystem services delivered by each wetland type and integrate them in further analysis. International datasets of 216 coastal wetland ecosystem service valuations ([@ref-37]; [@ref-88]) were used to infer the average values for each of the wetland types located in the case-study area. Although other wetland valuation databases have been produced in the literature (e.g., [@ref-14]; [@ref-12]), such datasets were selected upon considerations regarding the relevance for the investigated study region and their accessibility. To avoid double counting value estimates, studies that value two or more services or that estimate total economic value were not taken into account in the transfer. Values were presented in common monetary units (USD/ha/year), inflation-adjusted to 2007 USD ([@ref-29]; [@ref-18]; [@ref-93]) and organized for the corresponding services within each of the wetland types. We determine the minimum, maximum, standard deviation and median of the economic values for most services in each wetland type (see [Supplemental Information 1](#supp-1){ref-type="supplementary-material"} provided as online supplementary information). The estimated total value associated with each wetland ecosystem service within the Usumacinta floodplain (in \$US 2007 per year) was estimated multiplying the median per-hectare value by the total area of each wetland type, as derived from the spatial analysis. Finally, the estimated values were spatially represented across the Usumacinta floodplain, displaying the value of the annual flow of services provided by each wetland type.

### Local perception of ecosystem services

In order to complement the ecosystem service value information derived from the international value transfer exercise and to partially account for the lack of local ecosystem service valuations, a qualitative study of ecosystem service values was implemented using a participatory approach in four typical villages distributed along the main type of wetlands of the Usumacinta floodplain region ([Fig. 1](#fig-1){ref-type="fig"}). The aim of this implementation was to compare the results obtained with both methods, looking for similarities and differences, as well as better highlight the dependence of local people from wetland ecosystem services. To achieve this, we collected relevant data combining four different categories:

1.  *Ecosystem services*: benefits people obtained from ecosystems, including provisioning (e.g., support of commercial fishing), regulating (water quality improvement), habitat, and cultural services (e.g., recreation) ([@ref-86]).

2.  *Capitals*: benefits which are expressed in the form of capital accumulated through the use of ecosystem services in human livelihoods ([@ref-82]), such as human capital (e.g., health), social capital (e.g., associations) and man-made capital (e.g., income).

3.  *Main activities:* productive activities of rural populations (e.g., fishing, tourism).

4.  *Main threats:* threats and their possible impacts related to exogenous changes, both climatic and anthropogenic (e.g., water contamination, deforestation).

The methods applied to understand the importance of ecosystem services and its associations to local people's livelihoods were based on the FABE's approach ([@ref-41]; [@ref-70]; [@ref-40]), which is generally used to build system dynamics models on local people's dependence to natural capital. By incorporating the sustainable livelihoods approach ([@ref-82]), the use of natural capital is understood on how is transformed in different forms of capital such as human capital, social capital, economic capital and infrastructure. Each of the interviewers made one casual loops model linking ecosystems attributes, with the benefits and threats they perceive where affecting their livelihoods as proposed by [@ref-32].

Ten semi-structured in-depth interviews were conducted between October 2014 and March 2015 in each of the four communities selected ([Fig. 1](#fig-1){ref-type="fig"}.). They were organized following the previously defined categories that were covered during the course of the interview, instead of a sequenced script of standardized questions. Such format for the semi-structured interviews allows for more focused, conversational, two-way communication ([@ref-63]). Interviews were developed around initial questions such as "What does the river mean to you?", "What do you eat normally?", "Where does your income come from?", "What kinds of problems are you mostly concerned about?". Also, in the course of each semi-structured interviews, the interviewers used the method of "cognitive mapping" ([@ref-40]) to develop on paper, cognitive maps of individual perspectives for each of the respondents. All interviews were digitally recorded and professionally transcribed based on the "Grounded Theory" (Glaser & Strauss, 1967) and the four previously defined categories. Subsequently, an individual qualitative conceptual model for each participant was built on a computer ([Fig. 3](#fig-3){ref-type="fig"}).

![An example of a cognitive map derived from the semi-structured interview.\
Photo: Ellinor Roth.](peerj-08-8395-g003){#fig-3}

The selection of the communities was based on the following criteria: (1) location, (2) population, (3) type of settlement, (4) antiquity, (5) level of transformation of the environment, 6) economic activities, 7) ethnicity, (8) level of marginalization (education level), and (9) researchers' safety ([Table 1](#table-1){ref-type="table"}). With the support of the National Commission of Natural Protected Areas (CONANP), communities in the region that met these criteria were selected. Once the four communities were identified, the delegate of each community was contacted and with their help, ten members were chosen in each of them. In the application, care was taken that the interviews would reflect a representation of ages, gender, educational levels and social sectors in order to have a wide representation of the uses of the ecosystems. Although we acknowledge that a larger number of interviewees and communities would provide a more comprehensive perspective on local ecosystem service perceptions, a more thorough investigation was not possible within the constraints of the study. Yet, we believe the present results to be valuable in an area with severe limitations in data availability. It is stressed that this research reports only results concerning the ecosystem services identified by local communities in order to highlight the local dependence of people from wetlands. The results of the other categories will be analyzed in depth in another article that is in preparation.

10.7717/peerj.8395/table-1

###### General characteristics of the four selected communities.

![](peerj-08-8395-g007)

  -------------------------------------------------------------------------------------------------------------------------------------------------------
                                                        Quintín Arauz         Tembladeras          Palizada                     Boca Chica
  ----------------------------------------------------- --------------------- -------------------- ---------------------------- -------------------------
  Location                                              Near the main river   Near the mangroves   Near a tributary             Near the coastal lagoon

  Population[^a^](#table-1fn1){ref-type="fn"}           1,000 inhanitants     200 inhabitants      1,000 inhabitants            15 households

  Type of settlement[^a^](#table-1fn1){ref-type="fn"}   Concrete homes\       Precarious houses    Concrete homes\              Precarious houses
                                                        Paved roads\                               Paved roads\                 
                                                        Church\                                    Church\                      
                                                        Health center\                             Health center\               
                                                        School                                     School                       

  Seniority of the community                            200 years             40 years             300 years                    60 years

  Level environment transformation                      High                  Low                  High                         Low

  Economic activities                                   Fishing/livestock     Fishing              Fishing/livestock/ tourism   Fishing

  Ethnicity                                             Chontal               Mixed                Mixed                        Mixed

  Education[^a^](#table-1fn1){ref-type="fn"}            Low-medium            Low                  Low-medium-high              Low
  -------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes.**

Based on [@ref-43].

Spatial analysis of value flows in their socioeconomic and biodiversity context
-------------------------------------------------------------------------------

In order to spatially investigate the link between the socioeconomic status of the population, biodiversity and the elicited ecosystem service values, we used a set of indicators and GIS to superimpose the different layers of information. The number of bird species present in the Usumacinta floodplain area was used as a proxy for biodiversity richness. Birds are among the best-studied organisms worldwide and they are often considered as good ecological proxies to assess the biodiversity values of an area, even for other taxa which are difficult to sample ([@ref-72]; [@ref-51]; [@ref-60]; [@ref-79]). The bird species distribution maps produced by [@ref-8] were used to derive the number of bird species observed in the Usumacinta floodplain, rasterized at a 30-m resolution. The socioeconomic marginalization index produced by the National Population Council (Mexico) (<http://www.conapo.gob.mx/es/CONAPO/Indices_de_Marginacion>), estimated at the municipal level for the 14 municipalities in the Usumacinta floodplain, was used to outline economic vulnerability in the area. Following the methodology of [@ref-36], the spatial overlap of such indicators with the value of the flow of ecosystem services was explored, both at a high resolution (30-m grid cells) and aggregated at the level of municipalities. This analysis was primarily targeted at providing relevant information for the development of environmental policy instruments through the identification of priority conservation areas.

Results
=======

Ecosystems classification and land cover map
--------------------------------------------

The results of the classification of wetland types and land use covers in the Usumacinta floodplain are shown in [Fig. 4](#fig-4){ref-type="fig"}. The map indicates that urban areas, agriculture, wetlands (coastal lagoon, mangrove, riverine, palustrine and lacustrine) and other inland cover areas are the dominant cover types in the study area.

![Classification of land use and land cover in the UFP from 2014 Landsat TM free imagery.](peerj-08-8395-g004){#fig-4}

Considering the classification results, agriculture was the most widely represented land use (1,018,186 ha), covering 21% of the entire area. Among wetlands, the largest ecosystems are palustrine, covering 320,285 ha (12%) of the total surface in the study area. Palustrine and coastal lagoon ecosystems were the most important wetlands in terms of coverage (548,486 ha), representing 71% of the total area of wetlands. Mangroves, riverine and lacustrine ecosystems occupy substantially smaller areas ([Table 2](#table-2){ref-type="table"}).

10.7717/peerj.8395/table-2

###### Summary of estimated values for each service per wetland type derived from the value transfer exercise.

The total ecosystem service values per wetland type obtained from adding the median values per ES (in bold). Values in 2007 USD/ha/year.

![](peerj-08-8395-g008)

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                    \# obs.   Mangrove      Coastal lagoon   Palustrine      Riverine      Lacustrine    Total ES median value
  ----------------------------------------------------------------- --------- ------------- ---------------- --------------- ------------- ------------- ------------------------------------------------
  **Provisioning services**                                         **135**   **1,325**     **281**          **4,845**       **1,085**     **478**       **8,014**

  Support of commercial fishing                                     57        380           122              67              822           446           1,838

  Water supply                                                      18        683           3                1,286           18            24            2,014

  Harvesting of natural materials                                   39        213           156              3,353           65            8             3,794

  Fuel Wood                                                         20        48                             26              180                         254

  Ornamental resources                                              1                                        114                                         114

  **Regulating services**                                           **47**    **690**       **17**           **2,322**       **4,399**     **23**        **7,452**

  Local climate control                                             1         7                                                                          7

  Flood control and storm buffering                                 30        683           17               1,661           4,291         23            6,677

  Water quality improvement                                         16                                       661             108                         769

  **Habitat or supporting services**                                **21**    **247**       **0**            **55**          **2,145**     **4,369**     **6,816**

  Maintenance of genetic diversity                                  1                                        31                                          31

  Habitat for species                                               20        247                            24              2,145         4,369         6,785

  **Cultural services**                                             **40**    **391**       **1,629**        **2,467**       **5,202**     **1,496**     **11,185**

  Amenity and esthetics                                             9                       460                              3,291         495           4,245

  Recreational activities                                           20        362           151              2,430           1,253         896           5,093

  Recreational fishing and hunting                                  11        28            1,018            37              658           105           1,847

  Median total value per ecosystem type\                                      2,653         1,926            9,689           12,833        6,366         
  (2007 USD/ha/year)                                                                                                                                     

  Area (ha)[^a^](#table-2fn1){ref-type="fn"}                                  108,600       228,201          320,285         54,178        62,442        

  Annual ecosystem service flow[^b^](#table-2fn2){ref-type="fn"}\             288,105,575   439,619,915      3,103,293,877   695,246,902   397,517,290   4,923,783,558[^c^](#table-2fn3){ref-type="fn"}
  (2007 USD/year)                                                                                                                                        
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes.**

Extension of the wetland in hectares.

Annual ecosystem service flow was calculated multiplying the total ecosystem service value by the wetland area.

Total economic value (TEV) was calculated by adding the value of the annual flow of ecosystem services by wetland type.

Wetland description. Mangrove: forested-shrub estuarine wetland: plant association formed by one or a combination of the four species of mangrove; coastal lagoon: subtidal estuarine wetland; palustrine: palustrine continental wetland (where there is permanent water): swamp, marshes, tular, popal; riverine: permanent riverine wetland: rivers and channels; and lacustrine: lacustrine continental wetland, permanent and seasonal: lake, ponds, body of water.

Wetland ecosystem service values
--------------------------------

### Monetary values from benefit transfer

The results of the international value transfer analysis are presented in [Table 2](#table-2){ref-type="table"}. The number of blank cells represents data gaps in the dataset. Overall, there is considerable variability in ecosystem service values delivered by different wetland types. On a per-hectare basis, the riverine ecosystem was the coverage with the highest annual median value of \$12,833 USD/ha/year. The mangrove, palustrine and lacustrine ecosystems also contribute significantly to the valuation analysis with a median value of \$2,653, \$9,689 and \$6,366 USD/ha/year, respectively. Coastal lagoons were the wetland type with the lowest median value of \$1,926 USD/ha/year ([Table 2](#table-2){ref-type="table"}).

The total economic values of ecosystem services show a considerable variability. Habitat for species was the ecosystem service with the highest median value (\$6,785 USD/ha/year), followed by flood control and storm buffering and recreational activities (\$6,677 and \$5,093 USD/ha/year, respectively). In general, cultural services are the most valued ([Table 2](#table-2){ref-type="table"}).

The value of the annual flow of ecosystem services delivered by each type of ecosystem in the Usumacinta floodplain, calculated as the product of each ecosystem service median value per area of the corresponding wetland type ([Table 2](#table-2){ref-type="table"}), was over \$4,000 million USD/year. Of all wetlands included in the analysis, the palustrine ecosystem is one that contributed the highest annual flow (\$3,698 million USD/year), due to its substantial representation in the total area of the case study (12%) combined with its relatively high value (\$9,689 USD/ha/year). Estuarine ecosystems (coastal lagoons and mangroves) together with the riverine ecosystem make an important contribution to the total economic value of approximately \$1,000 million USD/year, while the lacustrine ecosystem made the smallest contribution (\$397 million USD/year).

### Importance of ecosystem services for local livelihoods

The analysis of semi-structured interviews allowed us to identify the dependence of local people on wetland ecosystems through the provision of ecosystem services. Respondents to the survey were all adults (\>18 years) whose average age and time living in the community were 52 (range between 28 and 82 years) and 32 years, respectively; 57.5% were male and 42.5% female.

[Figure 5](#fig-5){ref-type="fig"} shows that 15 types of ecosystem services are important to local people. Among these ecosystem services, the greatest number of services mentioned in the interviews are those corresponding to the provisioning (39%), followed by cultural (26%) and finally regulating services (13%). Assessment of the provisioning services shows that the current wetlands provide diverse ecosystem services for the local people, highlighting food (85%), support of commercial fishing (80%), and fuel wood (65%). Other services frequently identified were water supply (52.5%), harvesting of natural materials (50%), amenity and aesthetics (45%), medicinal resources (40%), and recreational activities (32.5%). Flood control and storm buffering was the service least often identified by respondents (5%).

![Frequency of occurrence (%) of ecosystem services in the four communities where people were interviewed.\
Food category includes: fish and crustaceans.](peerj-08-8395-g005){#fig-5}

Comparing these results with the estimates obtained through the benefit transfer exercise reveals that the most valuable ecosystem services differ depending on the context. Cultural services are highlighted as the most valuable services by global studies while provisioning services are the most mentioned by local people. This differentiation may be due design of semi-structured interviews that were aimed at understanding the dependence of local communities on the ecosystem services that are most immediately tangible to them, such as of provisioning, as opposed to cultural and regulating services which are provided in an indirect way.

Mapping the dependencies of ecosystem service values, biodiversity and socio-economic indicators
------------------------------------------------------------------------------------------------

Overlapping the distribution of the estimated monetary ecosystem service values with the selected biodiversity and socio-economic indicators reveals important multi-dimensional information for the sustainable management of wetland ecosystems in the Usumacinta floodplain. [Figure 6A](#fig-6){ref-type="fig"} ranks wetland grid cells (mapped at a 30-m resolution) based on wetland conservation priority. The latter is determined as follows: cells in which the values of all three individual layers are in the upper 25%ile of the respective layer are classified as very high priority; wetland cells with values of only one or two layers in the upper quartile are classified as median and high priority respectively, irrespectively as to which layers rank highly. [Figure 6A](#fig-6){ref-type="fig"} shows that the majority of high priority conservation areas were concentrated in the municipalities of Palizada, Jonuta, Centla and Carmen. However, the highest degree of overlap between biodiversity, socioeconomic marginalization and ecosystem service values is observed in more isolated wetland ecosystems located in the municipalities of Candelaria and Palenque.

![(A) Ranking of priority conservation wetland areas based on overlapping of ecosystem service values, socioeconomic and biodiversity indexes; (B) overlap of socioeconomic and biodiversity indicators with the estimated ecosystem service values in the Usumacin.](peerj-08-8395-g006){#fig-6}

Given that most policy-relevant decisions are taken at the level of administrative regions, in [Fig. 6B](#fig-6){ref-type="fig"} each of the municipalities in the Usumacinta floodplain is attributed a unique combination of three color bands, which reflect each of the three components of analysis: (i) blue for aggregate ecosystem service value; (ii) red for socioeconomic marginalization; and (iii) green for biodiversity richness. The values of each of the three indexes is standardized to range between 0 (minimum value) and 255 (maximum value). The saturation of the color in each band is determined by the local value of the indexes. For instance, municipalities where the ecosystem service value (e.g., Carmen) or the socioeconomic marginalization (e.g., Balancán, Jalapa, Escárcega and Champotón) components prevail over the other two are shown in blue and red colors, respectively. In yellow regions (e.g., Palenque, La Libertad and Catazajá) high biodiversity (green) and socioeconomic marginalization levels (blue) are combined with a relatively low value of the flow of ecosystem services. Municipalities with high values for each of the indexes are represented in light grey or off-white colors (e.g., Palizada). In general, Palizada municipality is depicted in white, indicating high values for each of the three indicators.

Comparing these findings with the local perception analysis highlights that the interviewed communities are distributed differently with respect to the spectrum of priority areas. For instance, Quintin Arauz and Tembladeras are located in an area of high socio-economic marginalization and high ecosystem value (magenta).

Discussion
==========

The present study provides a multi-dimensional perspective and spatial analysis of the provision of ecosystem services in a rural, largely marginalized region of Mexico, which (1) complements conventional economic valuation techniques with local people's perceived importance of these services, and (2) integrates ecosystem service values into the broader context identified by the local biodiversity richness and socio-economic conditions with the purpose of providing policy guidance for the sustainable management of the rich local natural capital.

Previous analyses have demonstrated that complex relationships exist between economic development and ecosystem degradation ([@ref-21]), as well as between the provision of ecosystem services and biodiversity indicators ([@ref-67]). This implies that attention to the local conditions and the integration of insights from different approaches and disciplines is fundamental in the evaluation of different policy options and setting of conservation or development priorities.

The valuation component of the present study relies on two different approaches to elicit the contribution of different wetland ecosystem services to the well-being of the local populations. The monetary valuation results suggest that wetlands in the Usumacinta floodplain generate a substantial economic value, which we estimate around \$USD 5,000 million per year from a wetland area of 773,707 ha. The limitations of the simple value transfer methodology applied in this study include the inherent difficulties involved in international value transfer ([@ref-57]) and the potential overdue influence that individual value observations may have on the results ([@ref-71]). In spite of such limitations, the elicited values are meant to provide a useful basis for further investigation in primary valuation studies or for the application of more sophisticated value transfer techniques such as meta-regression ([@ref-24]). Enlarging the number of new primary valuation studies available from Latin America and, more specifically, Mexico would be beneficial for future application of value transfer techniques as well as the design of protocols or guidelines concerning the information to be included in primary studies for value transfer purposes. In the context of the case study area, such further analyses are encouraged by the substantial size of the estimated ecosystem service values whose size corresponds to about half of the Gross Domestic Product in the entire state of Campeche ([@ref-44]).

The study also reveals interesting differences and suggests potential complementarities between different valuation techniques. Although cultural and regulating services were highly valued in the benefit transfer exercise, provisioning services, especially food and support of commercial fishing, were identified as the most important services for local communities in the semi-structured interviews. Although the latter is commonly expected in the context of developing countries and regions, where food production (e.g., by fishing) sustains human well-being by meeting basic human needs ([@ref-5]; [@ref-22]), previous studies ([@ref-81]; [@ref-62]) suggest that the difference with regulating services, which were highly valued in the benefit transfer exercise but had the lowest relative importance in the participatory interviews, may be at least partially imputed to the fact that ecosystem services that provide direct benefits are often more visible to local inhabitants who easily recognize how they depend on such services, while indirect benefits from cultural and regulating services are less tangible or require higher expertise on the side of the respondents to perceive them ([@ref-3]). This suggest potential complementarities between the two approaches implemented in this study. Future studies may focus on providing a more comprehensive and representative social perception analysis of wetland ecosystem services by local communities by increasing the number of local communities and interviews, and including the perception of multiple stakeholders in order to understand their respective needs and priorities in the management of the wetlands ([@ref-45]) and thus prevent tensions obstructing concerted action ([@ref-91]). In addition, it is important to apply more inclusive approaches in order to evaluate local perceptions of conservation mechanisms implemented by governments in this important región, assuming that enviromental conservation will only be legitimate if local communities participate in management of natural resources and benefit from conservation ([@ref-92]; [@ref-56]).

Overall, the results of the valuation components of the study are consistent with the notion that the ecosystem services provided by the Usumacinta floodplain have a significant flow of contributions to the well-being of local communities which is currently not included in the state's accounts. Future land use changes altering these ecosystems could have a significant impact on the supply of ecosystem services, and therefore on the livelihoods of the local rural communities ([@ref-31]; [@ref-9]; [@ref-27]; [@ref-35]). While we acknowledge that the proposed approach is a pragmatic rather than theory-driven one, which partly relies on secondary sources and combines data originally developed at different spatial scales, we believe it contributes to the development of the field insofar as: (1) it creates a bridge at the science-policy interface whereby it shows how widely used and readily recognized measures of ecosystem service values (i.e., monetary unit value transfer estimates from international repositories) can be combined with socio-cultural techniques and enriched with additional dimensions of analysis; and (2) it develops a rapid assessment tool which can be useful in providing policy-makers in data-poor countries or regions (such as, but not limited to, the investigated region in Mexico) with initial information on values and priority areas, which can be used as a starting basis for more in-depth, targeted investigation.

Integrating the ecosystem service valuation analysis into a broader perspective allows to infer further recommendations for the sustainable management of the local natural capital. The implemented spatial analysis shows which of the important zones for biodiversity are faced with deep marginalization and the ecosystem services that are most relevant in those areas, thus helping to define a first prioritization of areas for intervention or, if the opportunity arises for further and more in-depth investigation. This type of integration in a spatially explicit context, is crucial for identifying and communicating the relative importance of conservation activities in the context of limited availability of resources for ecosystem protection and could be applied to similar environments at regional, country or global level. Also, it may be useful in contexts where approximate value estimates and local perceptions are sufficient to greatly improve cost-benefit analyses for large scale developments, which can affect large areas of land, as in many locations around the world, when they are projected in the short term. For example, since 1956 the possibility of building a dam on the Usumacinta River has been proposed. The Federal Electricity Commission through its program 'Works and Investments in the Electricity Sector' ([@ref-15]) plans to complete the construction of Tenosique Dam Project (2017) in the Usumacinta Watershed. If the construction and operation of the dam materialize, the local effects might be seen in a loss of fishing productivity and bird diversity of the Centla Swamps and Terminos Lagoon, ecosystems of great importance in the Usumacinta floodplain (March y Castro 2003). As has been shown in other important river basins around the world ([@ref-94]), socio-ecological consequences of disrupting river flow are often underestimated in light of the potential regional benefits of hydrological energy.

Arguably, the Usumacinta floodplain wetlands are at high risk given that federal policy has concentrated on encouraging growth through increases in the Gross Domestic Product, with little consideration for other measures of well-being ([@ref-19]), resulting, among others, in substantial changes in land cover over time ([@ref-35]). The present analysis shows that the livelihoods of people living in this region still strongly depend on the flow of ecosystem services provided by the Usumacinta floodplain, many of which are provided for "free" by nature and are thus not included in national accounting. To respond to such challenge, it is increasingly common for national government through environmental institutions and academia to perform national ecosystem services assessments to answer essential questions in relation to how ecosystem services are changing, where important services originate, and what should be protected and restored to increase the provision of ecosystem services ([@ref-69]).

Conclusions
===========

The results show that wetlands in the Usumacinta floodplain generate a significant economic estimated value; at least 4 billion USD was delivered to the inhabitants of this region in 2007, highlighting the palustrine ecosystems as the most important wetland in terms of covered area and value. Overall, cultural and provisioning services were the most relevant ecosystem services in terms of their monetary value and local perceived importance. Decision makers in this region will have to prioritize management policies in the municipality of Palizada, an area which coincides with the sites of the analysis of local perception, as well as where the three indicators in the spatial approach (ecosystem service values, marginalization and biodiversity) were highly significant.

The approach used in this study can provide a useful starting point for a more comprehensive analysis due to the ease with which the generated information and knowledge can be integrated into a more democratic policy design, and the broad scope of analysis which explicitly accounts for the perception of ecosystem services by local main users and allows for the internalization of the most important wetland ecosystem services in value analyses, with potential benefits in terms of the improvement of the livelihoods of the local communities.
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